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Quantitative Diffusion-Weighted
MR Imaging in the Differential Diagnosis

of Parotid Gland Tumors:
Is it a Useful Technique?

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Our purpose was to determine whether the apparent diffusion coefficient
(ADC) measurement could be used to identify benign or malignant parotid tumors. MMaatteerriiaall  aanndd
MMeetthhooddss::  In this research 22 patients with 25 parotid gland tumors and 10 controls with 20 healthy
parotid glands were studied. Diffusion-weighted magnetic resonance imaging (DW-MRI) with b
factors of 0.500 and 1.000 sec/mm2 on a 1.5 T unit was used. The calculated ADCs values of the
parotid gland tumors were compared with histological features of the tumors. RReessuullttss::  The study in-
cluded 25 parotid gland tumors which consisted of 17 benign masses (10 pleomorphic adenomas, 6
Warthin tumors, 1 canalicular adenoma) and 8 malignant masses (4 lymphomas, 2 carcinoma ex
pleomorphic adenomas, 1 adenoid cyctic carcinoma, 1 mucoepidermoid carcinoma). The mean
ADC values of the control group, benign and malignant masses were 0.27±0.13 x10-3 mm2/sec,
1.51±0.32 x10-3 mm2/sec, 1.05±0.26 x10-3 mm2/sec, respectively (p<0.001). A cut-off value at 1.3x10-

3 mm2/sec yielded a sensitivity of 87.50% and specifity of 58.82%, for distinguishing benign and
malignant masses. CCoonncclluussiioonn::  Our results suggest that quantitative DW-MRI may be used for dif-
ferentiating benign or malignant parotid gland tumors. Combination of ADC calculation with con-
ventional MRI may have an additional value for determining malignancy. 

KKeeyy  WWoorrddss::  Parotid neoplasms; magnetic resonance imaging; 
diffusion magnetic resonance imaging 

ÖÖZZEETT  AAmmaaçç::  Bu çalışmadaki amacımız, belirgin difüzyon katsayısı (BDK) ölçümünün parotis bezi
tümörlerinin selim ya da habis olduğunu belirlemedeki kullanılabilirliğini belirlemek idi. GGeerreeçç  vvee
YYöönntteemmlleerr:: Bu araştırmada 22 hastadaki 25 parotis tümörü ile kontrol grubunu oluşturan 10 sağlıklı
insanın 20 parotis bezi değerlendirilmiştir. b faktörleri 1.5 T’de 0.500 ve 1.000 s/mm2 olan diffüzyon
ağırlıklı manyetik rezonans görüntüleme (DA-MRG) kullanılmıştır. Parotis bezi tümörlerinin BDK
değerleri, tümörlerin histolojik özellikleriyle karşılaştırılmıştır. BBuullgguullaarr::  Çalışmamız, 17’si selim
kitle (10 pleomorfik adenom, 6 Warthin tümörü ve 1 kanaliküler adenom) ve sekizi de habis kitle
(4 lenfoma, 2 pleomorfik adenomsuz karsinom, 1 adenoid kistik karsinom ve 1 mukoepidermoid
karsinom) olmak üzere toplam 25 parotis bezi tümörünü içermektedir. BDK değerleri ortalamaları
kontrol grubunda, selim ve habis tümörlerde sırasıyla 0.27±0.13 x10-3 mm2/s, 1.51±0.32 x10-3 mm2/s,
1.05±0.26 x10-3 mm2/s bulunmuştur (p<0.001). Kitlelerin selim ve habis ayırımında 1.3x10-3 mm2/s
kesim değeri olarak alındığında duyarlılık %87.5 ve özgüllük %58.82 bulunmuştur. 
SSoonnuuçç::  Çalışmamızdan elde edilen veriler, DA-MRG’ nin parotis bezi tümörlerinin selim ve habis
ayırımında kullanılabileceğini göstermektedir. BDK değerinin klasik MRG ile kombinasyonu
habasetin belirlenmesinde ek katkı sağlayabilmektedir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Karotis tümörleri; manyetik rezonans görüntüleme; 
difüzyon ağırlıklı görüntüleme
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if fu si on-we igh ted ima ging (DWI) is a mag-
ne tic re so nan ce (MR) tech ni qu e that pro-
vi des in for ma ti on abo ut the bi oph ysi cal

pro per ti es of tis su es such cell or ga ni za ti on and den-
sity, mic ros truc tu re and mic ro cir cu la ti on. In cre a -
sed cel lu lar den sity li mits wa ter dif fu si on in the
in ters ti ti al spa ce. The ap pa rent dif fu si on co ef fi ci -
ent (ADC), as a qu an ti ti ve pa ra me ter me a su red
from the DW-MRI, com bi nes the ef fects of ca pil -
lary per fu si on and wa ter dif fu si on in the ex tra cel -
lu lar ex tra vas cu lar spa ce. Thus, DW-MRI pro vi des
in for ma ti on on per fu si on and dif fu si on si mul ta ne -
o usly in any or gan. When only high b va lu es are
app li ed, the ADC va lu e ap pro xi ma tes the tru e dif-
fu si on. Low b va lu es are inf lu en ced by both per fu -
si on and dif fu si on.1-4

Re cent stu di es ha ve shown that DWI with
ADCmap ping co uld be used to cha rac te ri ze le si ons
in a va ri ety of he ad and neck di sor ders such as pa -
ro tid gland tu mors.5,6 The morp ho logy and ex tent
of pa ro tid gland tu mors and the ir re la ti ons hip to
ad ja cent struc tu res can be cle arly shown by MR
ima ging.7 Ho we ver, stan dard MR ima ging se qu en -
ces usu ally do not al low dif fe ren ti a ting pa ro tid tu-
mors. It is cli ni cally im por tant to de ter mi ne,
whet her a sa li vary gland tu mor is be nign or ma lig -
nant pre o pe ra ti vely, which inf lu en ces the cho i ce
of sur gi cal pro ce du re.8,9

The aim of our study was to eva lu a te the di ag -
nos tic ro le of qu an ti ta ti ve DWI in va ri o us pa ro tid
gland mas ses to dif fe ren ti a te and iden tify pa ro tid
gland tu mors.

MATERIAL AND METHODS

PA TI ENT PO PU LA TI ON

The study pro to col was ap pro ved by the lo cal et -
hics com mit te e. Writ ten in for med con sents we re
ob ta i ned from all par ti ci pants. In this pros pec ti ve
study, per for med bet we en Au gust 2007 and De-
cem ber 2008, 25 pa ro tid gland mas ses in 22 pa ti -
ents we re exa mi ned be fo re fi ne ne ed le as pi ra ti on
cyto logy and sur gery and 20 he althy pa ro tid glands
in 10 con trol sub jects. The pa ti ents [13 men
(59.4%) and 9 wo men (40.6%)] with a me an age of
44 ye ars; (ran ge 18-71 ye ars) and the con trols (5

men and 5 wo men), with a me an age of 50 ye ars;
(ran ge 24-70 ye ars) un der went con ven ti o nal and
DW-MRI. Pat ho lo gi cal di ag no sis of the 20 pa ti ents
(91%) with pa ro tid tu mors was eva lu a ted with fi -
ne-ne ed le as pi ra ti on bi opsy, and re ma i ning 2 (9%)
of them with ex ci si o nal bi opsy. Sur gi cal tre at ment
was app li ed to all ca ses. Pre o pe ra ti ve di ag no sis of
each mass was com pa red and con fir med with his -
to pat ho lo gic re sults af ter re sec ti on. 

MR IMA GING

All MR exa mi na ti ons we re per for med on a 1.5 T
MRI system with a pha sed ar ray he ad and neck co -
il (Avan to; Si e mens, Er lan gen, Ger many) with a 33
mT/m ma xi mum gra di ent ca pa bi lity. Our neck MR
ima ging study inc lu ded tur bo spin-ec ho (TSE) T1-
and T2-we igh ted, fat-sup res sed T2-we igh ted se qu -
en ces in the axi al and co ro nal pla ne. For the
ro u ti ne se qu en ces a 5.0-mm sec ti on thick ness with
in ters li ce gap, 35%, a16x16 cm fi eld of vi ew (FOV),
with 3 ave ra ges we re used. Spin-ec ho T1-we igh ted
(TR, 383 ms; TE, 9 ms; 256 x 256 mat rix), tur bo
spin-ec ho T2-we igh ted (TR, 4400 ms; TE, 109 ms;
250 x 384 mat rix) and short ta u in ver si on-re co very
(STIR) (TR, 6500 ms; TE, 64 ms; 256 x 256 mat rix)
ima ges we re per for med.

Dif fu si on we igh ted sing le-shot spin-ec ho ec -
ho-pla nar se qu en ce with, che mi cal shift se lec ti ve
fat-sup pres si on tech ni qu e; was ob ta i ned re pe ti ti on
ti me (TR) 10.000 ms, ec ho ti me (TE) 74.9 ms, ma-
t rix, 192 × 192; sli ce num bers, 30; sli ce thick ness =
5 mm; in ters li ce gap, 35%; FOV, 25 cm; ave ra ges, 5;
ac qu i si ti on ti me, ap pro xi ma tely 1 min. 45 s, was
per for med with b-fac tors of 0, 500 and 1000
sec/mm² in the axi al pla ne.

Fol lo wing DWI, con trast en han ced ima ging
was per for med with axi al, co ro nal and sa git tal fat-
sa tu ra ted SE T1-we igh ted MR se qu en ce af ter ad-
mi nis tra ti on of ga do pen ta te di meg lu mi ne in a do se
of 0.1 mmol/kg of body we ight as a bo lus in jec ti -
on. The in jec ti on ra te was 3 mL/sec.

IMA GE ANALY SIS

The DWI da ta sets we re trans fer red to an in de pen -
dent Work sta ti on (Le o nar do con so le, soft wa re ver-
si on 2.0; Si e mens) for post pro ces sing, and the ADC
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maps we re re cons truc ted. To me a su re ADC va lu es
we app li ed cir cu lar re gi on of in te rest (RO I) in pa -
ro tid gland tu mors and to the nor mal pa ro tid
glands of the con trol gro up. ROI was ma nu ally de-
fi ned in so lid are as of tu mors exc lu ding the are as
of cystic-nec ro tic de ge ne ra ti on. In the con trol gro -
up each ROI inc lu ded as much of the gland as pos-
sib le. The ROI analy ses of the he althy gland
re gi ons thatcon ta i ned lar ge ves sels, such as the ret -
ro man di bu lar ve in in the pa ro tid gland, we re avo -
i ded. ADC me a su re ments we re per for med by 2
ra di o lo gists in con sen sus. 

STA TIS TI CAL ANALY SIS

All sta tis ti cal analy ses we re per for med using SPSS
(Sta tis ti cal Pac ka ge for So ci al Sci en ces) for Win-
dows 15.0. The ADC va lu es of ca ses we re re por ted
as the me an ± stan dard de vi a ti on. In the da ta analy-
sis of the study, as well as des crip ti ve sta tis ti cal
met hods (ave ra ge, stan dard de vi a ti on); One-way
ANO VAs test and post Tu key HSD tests we re used
in the eva lu a ti on of the pa ra me ters sho wing nor-
mal dis tri bu ti on eva lu a ted ac cor ding to thre e gro -
ups. In the eva lu a ti on of qu an ti ta ti ve da ta wit ho ut
nor mal dis tri bu ti on, be si des Krus kal Wal lis test,
Mann-Whit ney U-test with the Bon fer ro ni cor rec-
ti on was used to de ter mi ne the gro up ca u sing dif-
fe ren ces. To de ter mi ne the cu t-off po int ac cor ding
to the ADCs, ROC analy sis was app li ed. Cut-off va -
lu e was ob ta i ned with scre e ning and di ag nos tic
tests (Figure 1, Tab le 1). Re sults in 95% con fi den -

ce in ter val and the sig ni fi can ce in the p <0.05 le vel
we re eva lu a ted. 

RESULTS
The study con sis ted of 17 be nign mas ses (10 ple o -
morp hic ade no mas, 6 Wart hin tu mors, 1 ca na li cu -
lar ade no ma) and 8 ma lig nant mas ses (4
lympho mas, 2 car ci no ma ex ple o morp hic ade no -
mas, 1 ade no id cyctic car ci no ma, 1 mu co e pi der -
mo id car ci no ma)..

Of 22 ca ses, 19 we re one-si ded (86.36%), whi -
le re ma i ning 3 ca ses had two-si ded tu mors
(13.63%). Two of the bi la te ral tu mors we re Wart -
hin tu mors and one of them was lympho ma. 

It was sta tis ti cally sig ni fi cant when com pa red
with the ot her gro ups that all of the ma lig nant tu-
mors in the study we re de tec ted in men (p<0.05).

The si ze of 25 mas ses we re bet we en 10-40 mm
in the short axis (me an 20.8 mm), 11-44 mm in the
long axis (me an 25.92 mm). The long axis me a su -
re ments of the ma lig nant mas ses we re sig ni fi cantly
hig her than be nign mas ses (p<0.05). 

The me an ADC va lu es we re cal cu la ted for the
be nign and ma lig nant mas ses and he althy pa ro tid
glands in the con trol gro up. The ave ra ge ADC va l-
u es we re 1.05±0.26 x10-3 mm2/sec for ma lig nant
mas ses, 1.51±0.32 x10-3 mm2/sec for be nign mas ses
and 0.27±0.13x10-3 mm2/sec for he althy pa ro tid
glands. The re was a sig ni fi cant dif fe ren ce bet we en
ADC va lu es of the gro ups (p<0.01).

The me an ADC va lu es for the ma lig nant gro -
up we re sig ni fi cantly hig her than con trol gro up
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FIGURE 1: ROC curve.

Positive Negative

Value Sensitivity Specifity Predictive Value Predictive Value

1.58 100.00 52.94 50.00 100.00

1.32 87.50 52.94 46.67 90.00

1.30 87.50 58.82 50.00 90.91

1.29 75.00 58.82 46.15 83.33

1.25 62.50 58.82 41.67 76.92

1.17 62.50 64.71 45.45 78.57

1.02 50.00 64.71 40.00 73.33

TABLE 1: Determination of the cut-off point for the 
ADC values.



(p=0.001) and sig ni fi cantly lo wer than be nign gro -
up (p=0.03). The me an ADC va lu es of the he althy
pa ro tid glands in the con trol gro up we re sig ni fi -
cantly lo wer than both ma lig nant and be nign gro -
ups (p=0.001).

The ave ra ge ADC va lu es of the con trol, be nign
and ma lig nant mass gro ups and dis tri bu ti on of
ADC va lu es ac cor ding to the pat ho lo gi cal di ag no -
sis were lis ted in Tab le 2 and 3.

In the be nign gro up of the pa ro tid gland mas -
ses, the me an ADC va lu e of the ple o morp hic ade-
no mas was sig ni fi cantly hig her than the Wart hin
tu mors (p=0.001). Al so, the me an ADC va lu e of the
ple o morp hic ade no mas was sig ni fi cantly hig her
than the ma lig nant tu mors (p<0.05).

The re was no sig ni fi cant dif fe ren ce bet we en
the Wart hin tu mors and the ma lig nant tu mors
(p>0.05 ).

Analy sis of the ROC cur ve (Figure 1) yi el ded a
cut-off po int for the ADC va lu e at 1.30 with
87.50% sen si ti vity, 58.82% spe ci fi city, 50% po si ti -
ve and 96% ne ga ti ve pre dic ti ve va lu es res pec ti vely
(Tab le 1). 

The his tog ram analy sis of the dis tri bu ti on of
gro ups (Figure 2) and the rep re sen ta ti ve ca ses were
shown in Fi gu res 3-5.

DISCUSSION
DW-MR ima ging of the sa li vary glands has be co me
in cre a singly po pu lar in the past few ye ars for eva l-
u a ti on of dif fu se al te ra ti ons or cir cums cri bed le si -
ons of the sa li vary glands. MRI is pre sently
con si de red the only met hod ava i lab le to me a su re
mo le cu lar dif fu si on in vi vo. It is im por tant to de-
ter mi ne whet her a sa li vary gland tu mor is be nign
or ma lig nant and to know its ex tent and re la ti ons -
hip to ad ja cent struc tu res pre o pe ra ti vely, sin ce this
in for ma ti on will strongly de ter mi ne for selection
the type of sur gi cal pro ce du re. 

Con ven ti o nal ima ging tech ni qu es alo ne may
not pro vi de ade qu a te in for ma ti on to dif fe ren ti a te
a be nign le si on from a ma lig nant one.9 Ma lig nant
sa li vary gland tu mors ha ve be en re por ted to ha ve
the fol lo wingMR ima ging fin dings: an ir re gu lar tu -
mor mar gin, sig nal-in ten sity he te ro ge ne ity, tu mor
in fil tra ti on in to sur ro un ding tis su e and low sig nal
in ten sity on T2-we igh ted ima ges. Ho we ver, to eli -
mi na te ma lig nancy with con ven ti o nal se qu en ces is
qu i te dif fi cult. In the se con di ti ons, qu an ti ta ti ve
DWI may be a so lu ti on.
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Groups Mean SD †p

Malignant 1.05 0.26 0.001**

Normal 0.27 0.13

Benign 1.51 0.32
††p

Malignant – Normal 0.001**

Malignant - Benign 0.030*

Normal - Benign 0.001**

TABLE 2: Average ADC values of groups.

†: Oneway Anova test
††: Tukey HSD test
*p<0.05
**p<0.01

ADC

Pathological Diagnosis Mean SD

Control group Normal parotid gland (n=20) 0.27 0.13

Benign Pleomorphic adenoma (n=10) 1.81 0.34

Warthin tumor (n=6) 0.91 0.08

Canalicular adenoma (n=1) 2.02 -

Total (n=17) 1.51 0.32

Malignant Carcinoma ex pleomorphic adenoma (n=2) 1.32 0.035

Mucoepidermoid carcinoma (n=1) 1.17 -

Adenoid cyctic carcinoma (n=1) 1.29 -

Lymphoma (n=4) 0.83 0.15

Total (n=8) 1.05 0.26

TABLE 3: Distribution of ADC values according to
pathological diagnosis.

FIGURE 2: Histogram analysis graphic of the average ADC levels.
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FIGURE 3: Pleomorphic adenoma located in the right parotid gland of a 51-year-old male (white arrows: tumor). A. An axial T1-weighted image (TR/TE: 612/12
ms) shows a mass lesion that is more hypointense than gland and isointense in relation to the adjacent muscle. B. An axial T2- weighted image (TR/TE: 4320/101
ms) demonstrates anterior displacement and compression of the retromandibular vein by the markedly hyperintense mass. C. ADC map reveals that the mass
has a high ADC value of 2.18x10-3 mm2/sec.

FIGURE 5: Lymphoma of the left parotid gland of a 40-year-old male (white arrows: tumor). A. An axial fat saturated post contrast T1-weighted image (TR/TE:
612/12 ms) shows a markedly enhancing mass lesion B. The mass is clearly visible on the diffusion-weighted image (b=1000) (TR/TE: 10000/77 ms) with marked
hyperintensity C. ADC map reveals restricted diffusion and an ADC value of 0.84x10-3 mm2/sec.

FIGURE 4: Warthin tumor in bilateral parotid glands of a 59-year-old male (white arrows: tumors). A. An axial T1-weighted image (TR/TE: 613/12 ms) indicates
heterogeneous hypointense mass in the superficial lobe of the right parotid gland extending to the deep lobe of it. Linear hyperintensities of the mass consist of
hemorrhage areas. Also smaller, hypointense mass is shown in the left parotid gland. B. T2-weighted image (TR/TE: 4460/103 ms) shows heterogeneous
masses in bilateral parotid glands with cyctic hyperintense areas. C. An ADC image shows bilateral masses with a low ADC value of 0.96x10-3 mm2/sec.



Tho eny et al.10 used 10 dif fe rent b fac tors in
the ir study (0, 50, 100, 150, 200, 250, 300, 500, 750,
1000 s/mm2), al so de a ling with the eva lu a ti on of
dif fe rent func ti o nal con di ti ons of the pa ro tid
glands. The ADC va lu es cal cu la ted from low b-va -
lu e set tings we re sig ni fi cantly hig her than tho se
cal cu la ted from high b-va lu e set tings. The ir re sults
ha ve sug ges ted that not only tru e dif fu si on but al -
so per fu si on and sa li va flow may con tri bu te to the
ADC. Ha ber mann et al.11 re por ted EPI-DW MR
tech ni qu e was use ful for dis cri mi na ti on of pa ro tid
gland tu mors using b-fac tors (0, 500, 1000 mm2/sec)
in 45 pa ti ents. We al so used b-fac tors (0, 500, 1000
mm2/sec) with EPI tech ni qu e to cre a te ADC maps.

Wa ter pro tons can mo ve mo re fre ely in the
mat rix of glan du lar or mi xo id ple o morp hic ade no -
mas, the re fo re, high ADC va lu es can be the in di -
ca tor of ple o morp hic ade no mas.12,13 In our study,
the me an ADC va lu e of ple o morp hic ade no mas was
1.81±0.34 x10-3 mm2/sec. con sis tent with the li te -
ra tu re. This va lu e was sig ni fi cantly hig her than the
Wart hin tu mors and the ma lig nant tu mors (14.05)
(p<0.05).

Ca na li cu lar ade no mas be long to the gro up of
mo no morp hic ade no mas which are be nign epit he -
li al tu mors that has not me sench ymal com po nent..
The re was only one ca na li cu lar ade no ma and its
ADC va lu e was 2.02 x 10-3 mm2/sec. This va lu e was
sig ni fi cantly hig her than the ot her tu mors. Ade no -
ma to us tu mors may ha ve very high ADC va lu es be-
ca u se of the flu id con ta i ning are as as al so
pre vi o usly re por ted by Vogl et al.14 Mo re o ver, this
va lu e is clo se to the thres hold va lu e (2.1 x 10-3

mm2/sec) that was de ter mi ned by Sa ka mo to et al.15

for cystic le si ons. In the light of this in for ma ti on,
we con si de red that ca na li cu lar ade no mas had high
ADC va lu es du e to the ir ade no ma to us struc tu re. 

Wart hin tu mor is the se cond most com mon be-
nign sa li vary gland tu mor, which has the hig hest mi-
c ro vas cu la rity amongst all ot her pa ro tid tu mors. We
fo und the ave ra ge ADC va lu e as 0.91±0.08 x 10-3

mm2/sec si mi larly to the pre vi o us stu di es.11,16

Ha ber mann et al.11 de mons tra ted that the av-
e ra ge ADC va lu es of Wart hin tu mors we re lo wer
than mu co e pi der mo id car ci no mas and ple o morp -

hic ade no mas.Yer li et al.13 did not find a sig ni fi cant
dif fe ren ce bet we en the ave ra ge ADCs of Wart hin
tu mors and that of the ma lig nant tu mors in the ir
study. Si mi lar to the re sults of Yer li et al.,13 the
ADCs of Wart hin tu mors we re sig ni fi cantly lo wer
than the ot her be nign tu mors and the re was no sig-
ni fi cant dif fe ren ce bet we en the ADC va lu es of
Wart hin tu mors and ma lig nant tu mors in our
study. We con si de red it was re la ted to the hyper -
cel lu la rity of the tu mor, abun dant in lympho id tis-
su e and li mi ted dif fu si on of the cystic parts of the
tu mor du e to hig her pro te in con tent.13,17

The ma lig nant tu mors in our study we re car-
ci no mas (n=4) and lympho mas (n=4). The ADC va -
lu e of lympho ma is ex pec ted to be lo wer than
car ci no mas be ca u se of its high mac ro mo le cu lar
pro te i no us con tent and ho mo ge ne o us hyper cel lu -
la rity nar ro wing fre e ex tra cel lu lar spa ce.18 Me an
ADC va lu es of the lympho mas we re sig ni fi cantly
lo wer than that of car ci no mas in our study. Si mi lar
re sults we re al so re por ted by the ot her re se arc -
hers.5,6,15

Ma lig nant tu mors may ari se wit hin ple o morp -
hic ade no mas, the phe no me non known as car ci no -
ma ex ple o morp hic ade no ma or ma lig nant mi xed
tu mor which has be en re por ted in 5-10% of ca ses.19

It is a high gra de tu mor with very ag gres si ve co ur -
se. The me an ADC va lu e of car ci no ma ex ple o -
morp hic ade no ma was fo und 1.32 x 10-3 mm2/sec
in our study. This va lu e was slightly hig her than
the cut-off va lu e (1.3 x 10-3 mm²/sec) that we ha ve
de tec ted for be nign-ma lig nant mass dif fe ren ti a ti -
on. Ho we ver, we we re unab le to ma ke the sta tis ti -
cal eva lu a ti on bet we en ple o morp hic ade no mas and
ma lig nant mi xed tu mor du e to in suf fi ci ent num ber
of pa ti ents..

The me an ADC va lu e of the he althy pa ro tid
glands in the con trol gro up was 0.27±0.13x10-3

mm2/sec. This va lu e was re por ted as 0.34±0.20x10-3

mm2/sec. by Yer li et al.13 and 1.14-1.20±0.10x10-3

mm2/sec. by Ri es et al.20 The va ri a bi lity of this va -
lu e pro bably de pends on the physi o lo gi cal ca u ses.20

Ho we ver, all re se arc hers ha ve fo und that the me -
an ADC va lu es of the he althy pa ro tid glands we re
sig ni fi cantly lo wer than pat ho lo gi cal glands. The -
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onyet al.21 re por ted ob ser va ti ons af ter gus ta tory sti -
mu la ti on that we re comp le tely dif fe rent from the
va lu es ob ser ved in the pre sen ted study at 1.5T and
3T. At this po int, the type of sti mu la ti on may ha ve
a ma jor im pact re gar ding the dif fe rent re sults,
which sho uld be eva lu a ted in a pros pec ti ve study
com pa ring the dif fe rent sti mu la ti on met hods. Ha -
ber mann et al.22 re por ted that DW-EPI MR ima -
ging al lows mo ni to ring of physi o lo gic chan ges du e
to oral sti mu la ti on of pa ro tid glands by using DW
ima ging with high cor re la ti on bet we en 1.5T and
3T.

Re cent stu di es in the li te ra tu re de mons tra ted
that ec ho-pla nar ima ging tech ni qu e co uld be suc-
cess fully used in the eva lu a ti on of he ad and neck
le si ons. Ho we ver, the re are so me tech ni cal dif fi -
cul ti es in the DW-MR of the pa ro tid gland. Low
sig nal to no i se ra ti o, che mi cal shift, mag ne tic sus-
cep ti bi lity and mo ti on ar ti facts are res tric ti ons of
the met hod.15,16 To re du ce mo ti on ar ti facts, pa ti -
ents sho uld be war ned abo ut not to mo ve the ir he -

ad and swal low. For hig her sig nal to no i se ra ti o,
num ber of ex ci ti ta ti ons (NEX) sho uld be in cre a -
sed. In ad di ti on, thin ner sec ti ons can be ma de and
pre sa tu ra ti on bands can be used in the pa ti ents
with mar ked dis tor ti on ar ti facts. Our study had so -
me li mi ta ti ons. The ma in li mi ta ti on was in suf fi ci -
ent num ber of pa ti ents es pe ci ally in the ma lig nant
gro up. Se condly, we stu di ed only spa ce oc cup ying
le si ons, in lar ger se ri es, a com pa ri son with dif fu se
in fil tra ting di se a ses sho uld be ma de. Lastly sing -
le-shot ec ho-pla nar ima ging used with a hig her b-
va lu e had a lo wer SNR re sul ting in ima ge
dis tor ti ons.

CONCLUSION

Dif fu si on we igh ted MR ima ging may de tect ma lig -
nancy al most comp le tely; ho we ver, so me over laps
may oc cur when the ADC va lu e is used alo ne. We
be li e ve that using ADC va lu es in ad di ti on to the
con ven ti o nal se qu en ces may be va lu ab le for dif fe -
ren ti a ti on of pa ro tid gland tu mors.
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